Summary
Introduction
Sympathetic cholinergic vasodilatation has been described to be an integrated component of the Correspondence: Dr G. Stock, I. Physiologisches Institut der Universitiit Heidelberg, Im Neuenheimer Feld 326, D-6900 Heidelberg, FRG. cardiovascular adjustments during arousal and defensive behaviour (Abraham, Hilton & Zbrozyna, 1964) . This has been shown after electrical stimulation within the amygdala (Hilton Br Zbrozyna, 1963; Stock, Schlor, Heidt & Buss,
1978),
hypothalamus and mesencephalon (Abraham, Hilton & Zbrozyna, 1960; Hilton, 1975) . These data are in contrast to those obtained by Adams, Bacceli, Mancia & Zanchetti (1969) , who could not find a cholinergically mediated vasodilatation in cats during fighting behaviour elicited by a second attacking cat. The discrepancy between both experimental results was explained in terms of different effects of brain stimulation on cats' behaviour compared with naturally elicited fighting. The present experiments were undertaken in order to see (a) whether there are agonistic behavioural reactions elicited by brain stimulation which are not accompanied by a sympathetic cholinergic vasodilatation and (b) whether arousal reactions elicited by electrical stimulation of the locus coeruleus complex are accompanied by a cholinergically mediated vasodilatation. The locus coeruleus has been stimulated in the classic work of Moruzzi & Magoun (1949) to induce arousal reactions.
Methods

Animals and surgery
Experiments were performed in cats. They were first operated on under pentobarbitone anaesthesia (40 mg/kg) by means of a stereotaxic apparatus. Pairs of glass-insulated steel electrodes (diameter 200 ,um; resistance 5-10 kSZ) at an interpolar distance of 1.5-2 mm were implanted into the amygdala and hypothalamus. For the introduction of coaxial electrodes into the locus coeruleus guide cannulae were implanted chronically. The coordinates were taken from the atlas of ReinosoSuarez (196 1). The electrode positions were verified histologically at the end of the experiments. Arterial blood pressure was continuously recorded from a catheter implanted into the descending aorta near the aortic arch, by means of a strain gauge. For intravenous applications of pentobarbitone, a polyethylene catheter was inserted into a jugular vein. The blood flow in the abdominal aorta was recorded by means of an electromagnetic flow probe (Biotronex BL 612) placed around the aorta distal to the renal arteries.
Experimental procedure
At least 5-6 days were allowed for recovery from surgery before the experiments were started. The first series of experiments was performed in unanaesthetized animals. Threshold intensities for eliciting cardiovascular and behavioural reactions were determined with 0.5 ms rectangular pulses at 40 Hz and of increasing stimulus intensities. Periods of stimulation usually lasted 20-50 s. Cardiovascular parameters were displayed on a polygraph. After determination of the threshold to elicit responses in unanaesthetized cats, pentobarbitone was applied at different doses and testing was repeated. Stimulation of the locus coeruleus was performed in a similar way; however, a coaxial electrode was introduced by means of the guide cannulae.
Results
Stimulation of the central amygdala at stimulus intensities of 0-1-0.4 mA induced a sustained increase in arterial pressure, a tachycardia during and a bradycardia at the end of stimulation. Calculated peripheral vascular resistance, as inferred from measurements of aortic blood flow distal to the renal arteries, was markedly increased (Fig. 1) . These changes were observed as long as the animals displayed an arousal reaction without gross muscle movements. Higher stimulus intensities elicited a behaviour which was different from the defence reaction and was similar to aggressive behaviour (Leyhausen, 1973) .
Stimulation of the basal amygdala at stimulus intensities of 0.1-0.3 mA elicited a small decrease in arterial pressure and a moderate increase in mmHg, a slight increase in heart rate, by 10 +_ 4 beatslmin during, and a bradycardia at the end of stimulation. There was a marked increase in calculated peripheral resistance by 53 k 5%. The cats' behaviour was characterized by an intense alerting reaction eventually resulting in searching behaviour.
Discussion
Stimulation of central amygdala, posterelateral hypothalamus and of locus coeruleus induced arousal reactions in cats. Concomitantly a cardiovascular pattern was observed which was mainly characterized by an eadrenergically mediated vasoconstriction in the vessels of the hindlimbs. If the amygdaloid or the hypothalamic sites were stimulated with higher intensities animals displayed a behaviour which was similar to aggressive behaviour as described by Leyhausen (1973), whereas stimulation of the locus coeruleus only induced intense alerting and searching behaviour.
Whenever gross movements of the hindlimbs were observed, there was a vasodilatation in the vessels of the hindlimbs mainly due to local metabolic factors.
In contrast to the effects of stimulation of the central amygdala, stimulation of basal amygdala induced an alerting reaction followed by a typical defence reaction as described earlier (Leyhausen, 1973; Stock, Schlor, Heidt & Buss, 1978) . Concomitantly there was a vasodilatation in the vessels of the hindlimbs, which could be blocked by atropine sulphate as well as by methyl atropine.
The fact that arousal reactions characterized by peripheral vasoconstriction are obtained not only by stimulation of amygdaloid and hypothalamic areas but also by stimulation of the locus coeruleus, an area which is a favourite site for stimulationinduced arousal in physiological experiments (Moruzzi & Magoun, 1949) , shows that it is probably not adequate to assume that sympathetic cholinergic vasodilatation is an integrated part of the alerting response, and that different cardiovascular-response patterns may be elicited during behavioural arousal. Since both types of cardiovascular responses (vasodilatation vs vasoconstriction) are elicited as early signs of different types of agonistic behaviour (defence vs aggression) it is hypothesized that sympathetic cholinergic vasodilatation occurs only if anxiety is an important stimulus triggering the behavioural response ('defence'). On the other hand, vasoconstriction should occur if the stimulus does not induce anxiety. The amygdala seems to be important for the integration of both types of behavioural reactions.
The conclusions drawn from our results are supported by the work of Zanchetti, Baccelli & Mancia (1971) , who found that in cats confronted with stimuli not familiar to them a cholinergic vasodilatation was recorded, whereas the cardiovascular response during confrontation with other cats regularly included a vasoconstriction in the iliac arteries. Moreover, Martin, Sutherland & Zbrozyna (1976) could show that cats, confronted with dogs, exhibited sympathetic cholinergic vasodilation which, however, rapidly habituated and was replaced by a vasoconstriction upon repeated confrontations. If the hypothesis is correct that repeated episodes of increased sympathetic discharge eventually result in hypertension (Folkow & Rubinstein, 1966) then the cardiovascular pattern including sustained vasoconstriction is probably more important in this respect than the one including sympathetic cholinergic vasodilatation. 
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